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Abstract 



We reanalyze the mass matrices model of quarks and leptons which gives a 

unified description of quark and lepton mass matrices with the same texture 

form. By investigating possible types of the assignment for the texture's 

components of this mass matrix form, we find that a different assignment for 

up-quarks from one for down-quarks can lead to consistent values of CKM 

mixing matrix. This finding overcomes a weak point of the previous analysis 

of the model. We also obtain some relations among the CKM mixing matrix 

parameters, which are independent of evolution effects. 
PACS number(s): 12.15.Ff, 11.30.Hv 
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Recent neutrino oscillation experiments [1] have highly suggested a nearly bimaximal 
lepton mixing (sin^ 2^12 ~ 1, sin^ 2^23 — 1) in contrast with the small quark mixing. In 
order to reproduce these lepton and quark mixings, mass matrices of various structures with 
texture zeros has been investigated in the literature. Symmetric or Hermitian six and five 
texture zero models were systematically discussed by Ramond et al. [2]. Before the work 
of Ramond et al., Fritzsch [3] proposed a six texture zero model, nonsymmetric or non- 
Hermitian six texture zero quark mass matrices model[nearest-neighber-interaction(NNI) 
model] was proposed by Branco, Lavoura, and Mota [4]. Subsequently, Hermitian four 
texture model dealing with the quark and lepton mass matrices on the same footing are 
discussed by many authors [5] . Phenomenological quark mass matrices have been discussed 
from various points of view [6]. Recently a mass matrix model has been proposed [7] with 
the following universal structure for all quarks and leptons 
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This form has been originally used for leptons (neutrinos) in order to reproduce a nearly 
bimaximal lepton mixing [8]- [13]. Nevertheless it turns out that this model also leads to 
reasonable values of CKM quark mixing [7]. Unfortunately, however, the model in Ref [7] 
leads to j^^l — \f^^ consequently to some what small predicted value for \Vui,\ = 
0.0020 - 0.0029 with respect to the present experimental value |K&| = 0.0036 ± 0.0007 [14]. 
This is caused by the assignment used in ref [7] for texture's components(A,B, and C) of the 
mass matrix in which A = i^^^^, B = ^ {m^ + m2 — mi) and C = (ma — m2 + mi) 
with the i-th genaration mass mj are proposed both for up- and down- quarks. In the present 
paper, we concentrate ourselves on this type of mass matrix model and explore every new 
possible assignments for texture's components(A, B, and C). We will point out that there 
exists another possible new assignment for A, B, and C and that a different type of the 
assignment for up-quarks from the one for down-quarks can lead to consistent values of CKM 
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mixing matrix. Namely we show the combination of the new assignment that A — ±^ 
B = \ (m3 + 777.2 — 'mi) and C = \ {m^ — m2 — mi) for up-quarks, and previously proposed 



one that A — ±^ "^2"^^ , B = ^ (7773 + 7712 — tui) and C = — | (7713 — 7712 + tui) for down- 
quarks is favorable to reproduce the consistent values of CKM quark mixing. This new 
finding of the another assignment overcomes the above weak point of the approach in Ref 
[7]. The new and positive feature of this work is presented in Table 1. 

Our mass matrices M^, M^, Mj, and Me (mass matrices of up quarks {u,c,t), down 
quarks {d, s, b), neutrinos {u^, u^, v^) and charged leptons (e, /t., r), respectively) are given as 
follows: [7] 

Ms = PjMfP}, (2) 
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{f = u,d,u,e), (3) 



where P^f is the diagonal phase matrices and Af, Bf, and Cf are real parameters. This 
structure of mass matrix was previously suggested and used for the neutrino mass matrix in 
Refs [8]- [13], using the basis where the charged-lepton mass matrix is diagonal, motivated 
by the experimental finding of maximal v^-Vt mixing [1] . 

Hereafter, for brevity, we will omit the flavour index. The cigcn-masses of Eq. (3) are 
given by I + C - ^SA^ + + C)^) , 1 + C + ^8^2 + (5 + c')2) , and {B - C). 
Therefore, there are three types of assignments for the texture's components of M according 
to the assignments for the eigen-mass rrii : 

(i)Type A: 
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mi^-{B + C-^SA^+{B + C)^y (4) 
7712 = ^ (5 + C + ^J^A^ + (S + C)2) , (5) 
m^^B-C. (6) 



This is the case that B — C is the largest value. In this type, the texture's components of 
M are expressed in terms of mj as 



-B = - (ma + ma - mi) , 



(7) 
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That is, M is diagonalized by an orthogonal matrix O as 
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Here c and s are defined by c = ./ '"^ and s = ^/ ■ It should be noted that the 
elements of O are independent of rus because of the above structure of M. This type A is 
used in Ref [7]. 

(ii)Type B: This assignment is obtained by exchanging m2 and ma in Type A. 
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-mi = - + C - .J8A^ + {B + Cy'^ , 
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ma = - + C + ^8^2 +(B + C) 
In this type, the texture's components of M are expressed as 



(10) 

(11) 
(12) 



A = ± 



-6=2 ("^3 + "^2 - mi) , 
C = ^ (ma - m2 - mi) . 



(13) 



The orthogonal matrix O' which diagonahzes M {{0''^M0' — diag{—mi,m2,m^))\s given 

by 
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Here c' and s' are defined by c' , ^..^ „ ^ ^ ■ 

•' m3+mi Y ms+mi 

(iii)Type C: This assignment is obtained by exchanging mi for m2 in Type B. However, 
this type is not useful in the discussion on the quark sector. 

Taking the type A assignment of mass matrices both for up and down quarks, the authors 
in Ref [7] have discussed the quark mixing matrix and obtained the following prediction 
which is almost independent of the RGE effects. 
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By substituting the experimental values |yc6|ea;p=0.0412± 0.020 [14] into Eq.(15), one obtain 

(16) 
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0.0020 - 0.0029. 



However, this value is somewhat smaller than the present experimental value \ Vub\ = 0.0036± 
0.0007 [14]. 

In this paper, taking the type B assignment for up quarks and the type A for down 
quarks, we reanalyze the quark mixing matrix of the model. In this assignment, M„ and M^, 
have the same zero texture with different assignments as follows: 
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where P„ and Pa are the CP violating phase factors. These quark mass matrices M/ = 
PjMfPj (/ = u, d) are diagonahzed by the bi-unitary transformation 

Df = UlfMfURf , (18) 

where Ulu = P^O'^, Uru = PuO'^, Uid = -PjOd, and Um = PaOd- Here O'^ and Oa are given 
by Eq. (14) and Eq. (9), respectively. Then, the Cabibbo-Kobayashi-Maskawa (CKM) [15] 
quark mixing matrix V is given by 



V = UlULd = O'^P^PlOa 

( d^Cd + ps'^Sd <Sd - ps'^Cd -as' ^ 

-asd crcd p 

\s'uCd - pc'uSd s'^Sd + pc'^Cd crc; j 
where p and a are defined by 
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Here we have put P = Pu-Pj = diag(e*''^, e"^^, e*''^), and we have taken 5i = without loss of 
generality. 

Then, the explicit magnitudes of the components of V are expressed as 
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It should be noted that \V^g\, and |V^°| are almost independent of (63 + 62) and they 

are given from Eq. (25)- (27) as 
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Therefore, the independent parameters in the expression 1^^°! are 6'^ = tan (m°/m°), 6d 



tan^^ (m^/m°), and [6^ — 62) ■ Among them, the two parameters 9'^ and 9cl are already fixed 
by the quark masses. Therefore, the present model has an adjustable parameter (^3 — ^2) in 
|V^°|, which is fixed to reproduce the observed CKM matrix parameters at = [14]: 
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0.2196 ± 0.0026, IV;^,^ = 0.0412 ± 0.0020, 



|K6|exp = (3.6±0.7)xl0-^ 



(31) 



The relations in Eqs. (22)-(27) hold only at the unification scale ji — Mx- So we now 
consider evolution effects. As is well known [16], the evolution effects are approximately 
described as 
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where m° and V^^ (m^ and Vij) denote the values at /i — Mx(/i = inz)- In the following 
numerical calculations, we use the running quark mass at /i — rriz and at /i — Mx [17]: 

mu(mz) = 2.331^^ MeV, mdrnz) = 6771^? MeV, mt(mz) = 181 ± 13 GeV, 

(34) 

md{mz) = 4.69l|j-i^ MeV, m,{mz) = Q^AtlH MeV, mb{mz) = 3.00 ±0.11 GeV. 



mu{Mx) = IMl^oil MeV, mdMx) = 302ti MeV, rritiMx) = 129tlg^ GeV, 
md{Mx) = l-^^to.ll MeV, m^(Mx) = 26.5il:? MeV, rritiMx) = 1.00 ± 0.04 GeV. 

First we note that the predictions 
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are almost independent of the RGE effects, because they do not contain the phase difference, 
(^3 — ^2), which is highly dependent on the energy scale as we discussed in the previous 
analysis and we know that the ratio md/ms is almost independent of the RGE effects. We 
also obtain the relation 
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(38) 

^ '"'uP'^d 

which is independent of the phase difference. 

Next let us fix the parameters ^3 — 62 using the expression of Eq. (22) which holds at 



II = Mx- Prom Eq. (22), with taking = 



ma /mi, 



1 = -0.149, we have 



cos ^^-^ = \VJ (1 + ea) = (0.0412 ± 0.0020)(1 + e^) , 



5^-82 = 175.98°. 
Thus we obtain Vij at /i = mz as follows 
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0.041, 



^ iKbl ~ 0.0092, 
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which are consistent with the present experimental data. Therefore, the value of (^3 — ^2) 
in Eq. (40) is acceptable. 

The remaining parameter (^3 + ^2) in this model remains a free parameter to be fixed by 
the observed CP- violating phase 6 in the standard representation of the CKM quark mixing 
matrix 



Ktd = diag(e"i , , e"^) K diag(e<, e<^2, e""^) 
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Here, af comes from the rephasing in the quark fields to make the choice of phase convention. 
The b in Eq. (45) is expressed, in the present model, by 

(^3 + ^2 



5 = 



(46) 



so that from the observed value 8^^^ — 59° ± 13° we can fix 82,^82 — —118° ± 26°. 

Note that the mass matrix does not keep its texture form at = mz because (1,2) and 
(1,3) components are not so small. Therefore, we consider the RGE effect more precisely. 
In our model, the iKbl a-nd the CP violating phase 5 are controllable parameters with the 
unobservable parameters 81 and ^3, so we can adjust these parameters to the center values 
at /i = raz- On the other hand, |Ks| and |Kfe| are restricted in our model by mass regions 
in Eq.(34). Under these conditions, we estimate the numerical variation of the CKM matrix 



elements by using the two-loop RGE (MSSM (tan (5 — 10) case) for the Yukawa couphng 
constants [17]. Then, we obtain the following numerical results for the evolution effects: 
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0.19-0.25 ^ iKsl = 0.19 - 0.25, (47) 

0.0020 - 0.0034 ^ \Vuh\ = 0.0027 - 0.0038, (48) 
^ \Va\ = 0.041, (49) 
^ 5 = 59°. (50) 

These values are consistent with the approximations in Eqs.(36) -(44) and also the experi- 
mental data in Eq.(31). 

In conclusion, we have reanalyzed the quark mixing matrix using the mass matrix model 
of Ref [7] with the universal texture form. We use different types of assignments for Af, Bf, 
and C/ in Mf for (f=u and d). Namely, the type A for M^, while the type B for are 
considered in this paper. This is in contrast with the previous analysis in Ref [7] with use of 
the same type for both, which leads to some what small predicted value for \ Vub\ compared 
with the experimental value. It is shown that the present model predicts consistent values of 
CKM mixing matrix and the above weak point of the previous model is overcome. We also 
have relations \ Vus\ — -sj^ and |^ ~ which are almost independent of RGE effects. 

We are grateful to Y. Koide and H. Fusaoka for the useful comments. This work of K.M. 
was supported by the JSPS Research Fellowships for Young Scientists, No. 3700. 



10 



REFERENCES 

[1] M. Shiozawa, talk at Neutrino 2002 (http://neutrino.t30.physik.tu-muenchen.de/). 

[2] P. Ramond, R.G. Roberts, and G.G. Ross, Nucl. Phys. B406, 19(1993); For a recent 
study, see for instance B.R. Desai and A.R. Vaucher, hep-ph/0309102. 

[3] H. Pritzsch, Nucl. Phys. B155, 189 (1979). 

[4] G.C. Branco, L. Lavoura and F. Mota, Phys. Rev. D39, 3443 (1989). 

[5] D. Du and Z.Z. Xing, Phys. Rev. D48, 2349 (1993); H. Pritzsch and Z.Z. Xing, Phys. 
Lett. B353, 114 (1995); K. Kang and S.K. Kang, Phys. Rev. D56, 1511 (1997); K. 
Kang, S.K. Kang, C.S. Kim and S.M. Kim, hep-ph/9808419; J.L. Chkareuh and CD. 
Froggatt, Phys. Lett. B450, 158 (1999); K. Matsuda, T. Fukuyama and H. Nishiura, 
Phys. Rev. D61, 053001 (1999). 

[6] See, for example. Proceeding of the International Workshop on Masses and Mixings of 
Quarks and Leptons, Shizuoka, Japan, March 1997 edited by Y. Koide ( World Scientific 
Publishing Co., 1998). 

[7] Y. Koide, H. Nishiura, K. Matsuda, T. Kikuchi and T. Fukuyama, Phys. Rev. D66, 
093006(2002). 

[8] T. Fukuyama and H. Nishiura, hep-ph/9702253; in Proceedings of the International 
Workshop on Masses and Mixings of Quarks and Leptons, Shizuoka, Japan, 1997, edited 
by Y. Koide (World Scientific, Singapore, 1998), p. 252. 

[9] E. Ma and M. Raidal, Phys. Rev. Lett. 87, 011802 (2001). 

[10] C.S. Lam, Phys. Lett. B507, 214 (2001). 

[11] K.R.S. Balaji, W. Grimus and T. Schwetz, Phys. Lett. B508, 301 (2001). 
[12] W. Grimus and L. Lavoura, Acta Phys. Pol. B32, 3719 (2001). 



11 



[13] H. Nishiura, K. Matsuda, T. Kikuchi and T. Fukuyama, Phys. Rev. D65, 097301 (2002). 

[14] Particle Data Group, K. Hagiwara et ai, Phys. Rev. D66, 010001 (2002). 

[15] N. Cabibbo, Phys. Rev. Lett. 10, 531 (1963); M. Kobayashi and T. Maskawa, Prog. 
Theor. Phys. 49, 652 (1973). 

[16] For example, see M. Olechowski and S. Pokorski, Phys. Lett. B257, 288 (1991). For a 
recent study, see for instance S. R. Juarez W., S. F. Herrera H., P. Kielanowski and 
G. Mora, hep-ph/0206243. 

[17] H. Fusaoka and Y. Koide, Phys. Rev. D57, 3986 (1998). 



12 



TABLES 
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TABLE I. The results of quark mixing matrix element Uij are shown for three types of the 
assignment for up and down quarks mass matrices. These results are independent of the phases S2 
and 83 and are useful for the consistency check between our model and the experiments because 
these values are hardly changed by the RGE effects from the GUT scale to the EW scale. The "exp" 
represents the corresponding experimental value of the left-hand side of inequality or equation. Here 
Type A is proposed in Ref [7]. Type B and Type C are new assignments proposed in the present 
paper. We find that only a combination of Type B for up and Type A for down quarks leads to 
the well consistent CKM mixing matrix. Other combinations fail to reproduce consistent quark 
mixing because of the results indicated in this table. 
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